There is a paucity of literature regarding microfracture surgery in the hip. The purpose of this study was to compare outcomes in patients undergoing hip arthroscopy predominantly for labral tears with focal full thickness chondral damage on the acetabulum or femoral head treated with microfracture and a matched control group that did not have focal full thickness chondral damage. A prospective matched-control study was performed examining four patient-reported outcome (PRO) scores: modified Harris Hip Score (mHHS), non-arthritic hip score, Hip Outcome Score-Activities of Daily Living (HOS-ADL), and Hip Outcome Score-Sports Specific Subscale (HOS-SSS) at minimum 2 years post-operatively between 35 patients undergoing microfracture for chondral defects during hip arthroscopy and 70 patients in a control group that did not have chondral defects. The patients were matched based on gender, age within 7 years, Workman's compensation claim, labral treatment and acetabular crossover percentage less than or greater than 20. There was no significant difference (P > 0.05) in PRO scores preoperatively between the groups. Both groups demonstrated significant improvement (P < 0.05) in all post-operative PRO scores at all time points. There was no statistically significant difference (P > 0.05) in post-operative PRO scores between the microfracture and control groups, except for HOS-ADL and the visual analog scale (VAS) score, both of which were superior in the control group (P < 0.05). Patient satisfaction was 6.9 for the microfracture group and 7.7 for the control group (P > 0.05). Arthroscopic microfracture of the hip during treatment of labral tears results in favorable outcomes that are similar to the results arthroscopic treatment of labral tears in patients without full thickness chondral damage.
INTRODUCTION
Management of articular cartilage injuries is a challenge [1] . Defects in the articular cartilage have a limited capacity to heal regardless of the nature of injury [2] . Untreated lesions may lead to progression of arthritis and add to patient morbidity [3] . Chondral injuries in the hip can occur in a variety of hip disorders, can be atraumatic or traumatic, and can serve as an obscure source of pain. The goal of microfracture is to bring marrow cells and growth factors from the underlying bone marrow into the affected chondral defect. By penetrating the subchondral bone, pluripotent marrow cells can develop and form new fibrocartilage to fill the chondral defect. As the popularity of hip arthroscopy has increased in recent years, there has been a focus on prevention of chondral damage and managing pre-existing chondral injuries by extrapolating the technique and results of microfracture that has been validated in the knee [4] .
Chondral injuries in the hip have been seen in association with multiple hip conditions including labral tears, loose bodies and dysplasia. McCarthy and Lee [5] noted a 59% prevalence rate of chondral injuries in the anterior acetabulum using arthroscopic evaluation. Furthermore, 70% of these lesions were grades III and IV using the Outerbridge classification system. The use of microfracture in treating chondral injuries of the hip has been documented in various case series [6] [7] [8] . However, studies with higher level of evidence and increased follow-up are needed to help understand the effects of this technique on hip preservation. The purpose of this study was to compare outcomes in patients undergoing hip arthroscopy predominantly for labral tears with full thickness chondral damage on the acetabulum or femoral head treated with microfracture and a matched control group that did not have full thickness chondral damage. The hypothesis of this study was that the patients undergoing microfracture would have similar outcomes to a matched control group of patients who did not have a microfracture.
METHODS
The study period was between September 2008 and December 2011. The patient-reported outcome (PRO) scores collected were the modified Harris Hip Score (mHHS), the Non-Arthritic Hip Score (NAHS) [9] , the Hip Outcome Score-Activities of Daily Living (HOS-ADL) and the Hip Outcome Score-Sports Specific Subscale (HOS-SSS) [10] . These were collected preoperatively, at 3 months and every successive year post-operatively for a minimum of 2 years. All four questionnaires are used, as it has been reported that there is no conclusive evidence for the use of a single PRO questionnaire for patients undergoing hip arthroscopy [11, 12] . Pain was estimated on a Visual Analog Scale (VAS) from 0 to 10 (10 being the worst). Satisfaction with surgery was measured with the question 'How satisfied are you with your surgery results? (1 ¼ not at all, 10 ¼ the best it could be).' Institutional review board approval was obtained for this study.
The inclusion criteria for this study were arthroscopic microfracture during surgery for labral tear and/or femoroacetabular impingement (FAI), with minimum 2-year followup. Exclusion criteria were revision surgeries, Tönnis grade 2 and higher, and previous hip conditions such as LeggCalves-Perthes disease, avascular necrosis and prior surgical intervention. The matched pair control group was selected on a 1:2 ratio to patients who underwent hip arthroscopy for labral tear and/or FAI who did not undergo microfracture based on gender, age within 7 years, radiographic findings, Workman's compensation claim, and labral treatment. The radiographs were analysed, and the patients were matched by acetabular crossover percentage <20 or >20. Patients with Tönnis grades 2 and above were excluded as they have been shown to have poorer outcomes with hip arthroscopy [13] . An acetabular crossover of 20% was used as a matching criterion since 20% has been shown to be a clinically relevant radiological sign of acetabular retroversion in symptomatic patients with FAI [14] . The matching criteria are shown in Table I . All patients who underwent microfracture had grade IV Outerbridge changes, which were focal in nature [15] , to either the femoral head or acetabulum. All patients who did not undergo microfracture had grade III or less Outerbridge changes in either their femoral head or acetabulum. A wave sign, as described by Konan et al. [16] was not considered equivalent to Outerbridge grade IV and thus was not treated with microfracture.
Surgical technique
All hip arthroscopies were performed by the senior author (BGD). The indications for hip arthroscopy were predominantly labral tears with mechanical symptoms and failure of conservative treatment. The indications for revision hip arthroscopy included reinjury, instability, peritrochanteric pain, occult pain, heterotopic ossification and residual FAI [17] . All surgeries were performed in the modified supine position using a minimum of two portals (standard anterolateral and mid-anterior) [18] [19] [20] . Anterolateral and midanterior portals were established. A capsulotomy was performed with a beaver blade, incising the capsule parallel to the acetabular rim from 12 to 3 o'clock as described by Domb et al. [21] A diagnostic arthroscopy was performed.
Bony pathology was corrected under fluoroscopic guidance. An acetabuloplasty was performed for pincer impingement, and a femoral neck osteoplasty was performed for cam impingement. The cotyloid fossa was assessed for osteophytes and if present, a central acetabular decompression was performed as previously described by Gupta et al. [22] Labral tears were repaired when indicated or selectively debrided until a stable labrum was achieved while preserving as much labrum as possible. If there was full-thickness cartilage damage present, a microfracture was performed according to Steadman's technique. The anterolateral and mid-anterior portals were predominantly used. Visualization was predominantly obtained from the anterolateral portal with the mid-anterior portal being used for instrument passage and performing the microfracture. For more superolateral lesions of the acetabulum, the portals were exchanged with the arthroscope placed in the midanterior portal visualizing laterally, while instruments were passed through the anterolateral portal to perform the , 60 and 90 tips were used perpendicular to the subchondral bone and advanced with a mallet. Multiple holes were made 3-4 mm apart with a depth of 3-4 mm in the exposed subchondral bone plate adjacent to the healthy cartilage rim. The size and location of the lesion was noted using a 5-mm probe in mm 2 and using the clock-face method, respectively [23, 24] . For purposes of statistical calculations, we added a value of 12 to anterior clock-face positions (clock-face values of 1-6 were represented as . Capsular closure was performed routinely as previously described by Domb et al. [21] .
Rehabilitation protocol
In the control group, all patients were placed in a hip brace and instructed to be 20 pounds flat-foot weight-bearing on the operative extremity for the first 2 weeks post-operatively. Thereafter, weight-bearing status was gradually increased to full weight-bearing. Physical therapy began on the first postoperative day to initiate range of motion. This was accomplished by using a continuous passive motion machine for 4 h per day or using a stationary bike for 2 hours per day. The brace was discontinued 2 weeks post-operatively with emphasis on range of motion exercises. The same protocol was followed for microfracture patients; however, the period of wearing the hip brace and restricted weight bearing was carried out to 8 weeks.
Statistics
An a priori analysis was performed, and it was estimated a clinically significant difference between groups for mHHS would be 6.0 with a SD in each group being 8.0 [25] . To obtain a power of 0.80 or higher and a probability level of 0.05, with a ratio of 1:2, one would need a minimum of 30 hips in the microfracture group and 60 hips in the control group. A 2:1 ratio of control group to microfracture group was used to increase the robustness of the sample size. A two-tailed paired t-test was used to assess differences between pre and postoperative scores for the individual groups. The independent ttest was used to compare the mean change in PRO scores (change from pre to post-operative score) between the microfracture group and the matched-pair control group. A P values of < 0.05 was considered significant. The size and position of the microfractured lesions were correlated with PRO scores using linear regression analysis. Statistical analysis was done with Microsoft Excel 2007 (Microsoft Corp, Redmond, Washington, DC, USA) and IBM SPSS 12.0 for Windows (SPSS Inc, Chicago, IL, USA).
RESULTS

Patient population
Thirty-five patients that underwent a microfracture were available for minimum 2-year follow-up and average 3-year follow-up (range, 24-55 months) . The majority of the patients were male (63%). The average age was 42 years (range, 29-54 years) in the microfracture group and 42 (range, 24-61 years) in the control group. Thirty-two (91%) patients had acetabular microfracture and four (11%) had femoral microfracture. Six (17%) patients in the microfracture group were classified as workman's compensation cases. Based on the matching criteria described in Table I , 70 patients were allocated to the control group. The microfracture and control groups showed no significant differences in demographic factors, namely, height, weight, BMI and age, or in other clinical factors including follow-up time and conversion to total hip replacement or hip resurfacing (HR) ( Table II) . All concomitant procedures performed for the microfracture and control Table III . There were no significant differences in procedures performed between groups with the exception of acetabular and femoral chondroplasty (higher in the microfracture group), central acetabular decompression (higher in the microfracture group) and capsular repair (higher in the control group). Preoperatively, the mean PRO scores between the two groups were not significantly different, and are reported in Table IV . All improvements in PRO scores from preoperative to 3 years post-operatively were statistically significant (P < 0.01) for both groups (Fig. 1, Table V ). Comparing the improvements in PRO scores between the microfracture and control groups, there were no statistical differences at any time point in mHHS, NAHS and HOS-SSS scores. The 3-year HOS-ADL and the 2-and 3-year VAS scores were significantly better (P < 0.05) in the control group compared with the microfracture group (Fig. 1) . Post-operative patient satisfaction at 3 years post-operatively was 6.91 for the microfracture group and 7.73 for the control group, which was not statistically significant (P > 0.05) (Table VI) . Figure 1 shows the mean PRO scores for both groups at all the time points.
The mean change (delta; D) in PRO scores was compared between the two groups (Table VI) . The mean change in mHHS and HOS-ADL was significantly lower (P < 0.05) in the microfracture group compared with the control group at 2-and 3-year follow-up, respectively. The mean change in VAS scores was also significantly lower (P < 0.05) in the microfracture group compared with the control group at 2 and 3 years post-operatively. Furthermore, the biggest change was observed in all PRO scores at 3 months post-operatively in both groups after which point, it plateaued in both groups. Figure 2 shows the mean change in PRO scores for both groups at all the time points.
Three patients in the microfracture group (8.6%), and one patient in the control group (1.4%) required conversion to a total hip arthroplasty (THA) or HR. Seven patients in the microfracture group (20%) and four patients in the control group (5.7%) required a revision hip arthroscopy. These differences were not significant between the groups as indicated in Table II .
Sixty-one patients (87%) in the control group had acetabular chondral defects, although the extent of the damage was less than in the microfracture group. Using the Outerbridge classification, the control group had 1 patient (1.4%) with no defects, 22 patients (31.4%) with grade I defects, 25 patients (35.7%) with grade II defects, 14 patients (20%) with grade III defects and no patients with grade IV defects. The mean area of the chondral defect was 1.1 cm 2 (SD, 1.2 cm 2 ) in the control group and 1.5 cm 2 (SD, 1.3 cm 2 ) in the microfracture group. The mean center of the clock-face position was at 13.3 (SD, 0.6) in the control group and 13.3 (SD, 0.8) in the microfracture group. The mean range of the clock-face position, defined as the most anterior position minus the most posterior position, was 2.7 (SD, 1.0) in the control group and 2.3 (SD, 0.8) in the microfracture group. We did not find significant differences between groups in the clock-face position and range of the acetabular chondral lesion (P > 0.1). The area of the lesion was not significantly different between the two groups; however, there was a trend towards a greater area in the microfracture group (P ¼ 0.1). Regression analysis did not reveal any significant correlations between area, clock-face position, or clock-face range of the acetabular chondral lesions and PRO scores at latest follow-up, either in terms of raw scores or delta values, for either group (P > 0.1).
DISCUSSION
The results in this study results suggest that patients with microfracture had statistically significant improvements between pre and post-operative PRO scores at all time points. Examining the post-operative PRO scores at all time points between the microfracture and control groups revealed no statistically significant difference except for the 3-year HOS-ADL, and the 2-and 3-year VAS scores, which were significantly better in the control group. A possible explanation for HOS-ADL showing a statistically significant difference between the groups could be that patients are more attuned to ADLs (as these are more regular activities compared with activities requiring increased performance like sports and exercise) and can detect and comment on changes in these activities more accurately. Naal et al. [26] have shown higher correlation of the HOS-ADL with the Western Ontario and McMaster Universities Index and the Oxford Hip Score than the HOS-SSS in patients with hip osteoarthritis. Patient satisfaction was also significantly lower in the microfracture group by 0.81 points. Finally, the mean change in all PRO scores, except HOS-ADL and VAS, was similar between both groups at 3 years post-operatively. The highest change in both groups was noted at 3 months post-operatively.
Steadman et al. [27] have shown that microfracture is cost effective, technically simple, and allows for more treatment options in the future of the joint. Early work on microfracture in the knee has shown improvements in symptoms and function up to 2 years post-operatively with the most gain being made in the first year [28] . Return to sport has been remarkably fast as a result and has been published by Steadman et al. The authors looked at 25 football players undergoing microfracture of the knee and found that 19 of 25 players returned to play in the National Football League at an average 10 months postoperatively [29] . Steadman et al. also published their results recently on alpine skiers undergoing microfracture of the knee and successfully returning to competitive skiing at an average of 13.4 months post-operatively [30] .
With such success in the knee, the microfracture technique has also been applied to the hip. To examine the appearance of microfractured lesions in the hip, Philippon et al. [8] looked at nine patients on revision hip arthroscopy at average 20 months after their index procedure, and noted an average 91% of fill in the lesions. These results were echoed by Karthikeyan et al. [7] who looked at 20 patients undergoing revision hip arthroscopy at average 17 months after index procedure and noted an average 96% fill in acetabular defects that had been microfractured in 19 patients.
PRO scores in patients undergoing microfracture of the hip were reported by Byrd et al., who examined 207 hips treated for cam impingement arthroscopically with at least 12-month follow-up. Of these, 58 were treated with microfracture for grade IV chondral damage. There was an improvement of 20 points in the mHHS scores in this patient subset [31] . Philippon et al. also looked at the outcomes of 122 patients undergoing hip arthroscopy for FAI and chondrolabral dysfunction. The authors compared 2-year follow-up results between patients undergoing microfracture (n ¼ 25) and those treated without microfracture (n ¼ 65) and found no difference in mHHS scores. This study showed similar results at 3 years post-operatively. The study, however, also showed that there was an increase in VAS scores at 2 and 3 years post-operatively in the microfracture group despite very similar PRO scores using other instruments. The majority of improvement in the PRO scores in both groups was at 3 months postoperatively. However, there was a leveling off in improvement after the first year in all scores, except for VAS scores in the control group, which continued to reduce after the first year post-operatively suggesting continued improv ement in pain in patients who did not demonstrate grade IV chondral lesions and thus did not have a microfracture.
It was also noted that 8.6% of patients in the microfracture group and 1.4% of patients in the control group underwent THA/HR. Revision hip arthroscopy was performed in 20% of patients in the microfracture group versus 5.7% of patients in the control group.
The methods of subchondral surgery have been studied in animal models in recent literature with differences noted between microfracture and drilling [32] [33] [34] . Although microfracture uses an awl to perforate subchondral bone about 3-4 mm in depth and 3-4 mm apart, drilling with flutes can allow perforations with smaller diameter and greater depth. Chen et al. [32] noted in a rabbit model that microfracture produced fractured and compacted bone around holes compared with drilling which cleanly removed bone to provide channels to marrow stroma with less subchondral damage. Furthermore, the authors did not substantiate the detrimental effect of heat necrosis with drilling [32] . Chen et al. [34] in another rabbit model concluded that microfracture and drilling to the same depth (2 mm) produced similar quantity and quality of cartilage repair. Deeper drilling has been shown to induce a larger region of repairing and remodeling bone [34] . Benthien and Behrens [35] have proposed a subchondral needling procedure to standardize thin subchondral perforations deep into subchondral bone using a new device with favorable clinical results. Although drilling to achieve smaller and deeper channels in subchondral bone can be achieved easily in the knee, the angle needed to obtain this theoretical improved subchondral bone marrow stimulation may be challenging in the hip, relegating one to use more angled microfracture awls instead of drills.
The strengths of this study include its matched-pair control design and the measurement of improvement with four different PRO instruments. The matched-pair control design allowed for reduction in confounding variables prior to data analysis. Four PRO instruments were used to address previous evidence in the literature suggesting that no single PRO instrument is adequate for assessing outcomes in hip arthroscopy [11, 12] . There are several limitations of this study. First, there was an absence of a group showing the natural course of grade IV chondral damage. The control group was regarded as those patients not demonstrating grade IV chondral damage and hence not undergoing microfracture.
Comparison of patients undergoing microfracture with those treated conservatively upon diagnosis of grade IV chondral damage during arthroscopy would provide a more vigorous comparison, thereby truly capturing the change in clinical outcomes with microfracture. Second, an average of 3-year follow-up is still considered short-term follow-up of this patient cohort. Further studies at the senior author's institution are underway focusing on longerterm follow-up of patients undergoing microfracture. Third, the groups were not matched on Tönnis grade. There were 16 patients (46%) with Tönnis grade 1 changes in the microfracture group versus 20 patients (29%) with Tönnis grade 1 changes in the control group. Fourth, the acetabular crossover sign was used as a matching criterion, which has subjective variability. Zaltz et al. [36] have suggested that the crossover sign has been shown to overestimate acetabular retroversion and may be frequently present on AP pelvis radiographs in the absence of retroversion. To reduce this possibility, a CT scan could be used to define acetabular version. Further radiographic measurements like the presence or absence of cam lesions, dysplasia and anterior inferior iliac spine morphology could also be considered as matching criteria. However, these could have potentially limited the number of patients in the control group that could be matched to the microfracture group successfully. Last, MRI assessment of the lesion after microfracture and biopsy assessment of the lesion in revision hip arthroscopies would add to the understanding of the physiological response and imaging characteristics after microfracture.
CONCLUSION
This study showed that patients undergoing microfracture during hip arthroscopy had no statistically significant difference in mHHS, NAHS and HOS-SSS scores when compared with the control group at an average 3 years post-operatively. There was a statistically significant decrease in HOS-ADL scores and increase in VAS scores in the microfracture group at 3 years post-operatively. Both groups showed significant improvement in all PRO scores except HOS-ADL at 3 years after surgery. Microfracture in the hip helps patients achieve favorable outcomes of their hip with similar results to a matched cohort of patients based on age, gender, acetabular crossover, workman's compensation claim and labral treatment, who may have chondral lesions that did not warrant microfracture.
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